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[57] ABSTRACT 

There is provided a microstructure comprising a substrate, 
support members, a lever and an electrode formed on the 
lever is characterized in that said support members support 
said substrate and said beam and/or the electrode section 
with a void interposed therebetween and an electrode is 
formed on the lower surface of said beam. There are also 
provided a method of forming such a microstructure and an 
electrostatic actuator having a beam that is displaced by 
applying a voltage to the electrodes of the actuator. 

17 Claims, 8 Drawing Sheets 
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MICROSTRUCTURE AND METHOD OF 
FORMING THE SAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to a microstructure to be prepared 
by means of micromechanical technologies and it also 
relates to a method of forming a microstrucuture by using a 
sacrificial layer. 

2. Related Background Art 

In recent years, studies have been made to produce minute 
machines comprising small one or more than one mecha- 
nisms by means of micromechanical technologies. In 
particular, such a microstructure realized by applying tech- 
nologies developed for forming semiconductor integrated 
circuits (semiconductor photolithography process) can be 
used to produce a number of minute mechanical components 
on a common substrate on a highly reproducible basis. Thus, 
minute components can be prepared for minute machines at 
reduced cost and such minute components provide an 
enhanced responsiveness if compared with conventional 
mechanical structures. 

Three typical methods are popularly known for manufac- 
turing a microstructure on a substrate. Firstly, there is a 
method for producing a microstructure such as a wobble 
micromotor of poly silicon film (M. Mehregany et al., 
"Operation of microfabricated harmonic and ordinary side- 
drive motors", Proceedings IEEE Micro Electro Mechanical 
Systems Workshop, 1990, pp. 1-8) or a linear microactuator 
(P. Cheung et al., "Modeling and position-detection of a 
polysilicon linear microactuator", Micromechanical 
Sensors, Actuators and Systems ASME 1991, DS C-Vol. 32, 
pp. 269-278), with which a sacrificial layer of silicon 
dioxide film and a thin silicon film of polysilicon, SOI (Si on 
Insulator) or SIMOX (Separation by ion implantation of 
oxygen) (B. Diem et al., "SOI (SIMOX) as a Substrate for 
Surface Micro machining of Single Crystalline Silicon and 
Actuators", The 7th International Conference on Solid-State 
Sensors and Actuators, transducers '93, Jun. 7-10, 1993, pp. 
233-236) formed to produce a microstructure are patterned 
to show a desired profile and subsequently the silicon 
dioxide film is used as a sacrificial layer and removed with 
an aqueous solution of fluorine. 

However, since this method involves the use of an aque- 
ous solution of fluorine in order to etch out the silicon 
dioxide, a material that resists corrosion by fluoric acid has 
to be selected for the microstructure and hence such corro- 
sive substances as aluminum cannot be used for the elec- 
trodes of the microstructure. Additionally, the polysilicon of 
the microstructure has to be controlled for its membrane 
stress in order to prevent it from warping. If an SOI substrate 
is used, the silicon dioxide supporting the microstructure can 
be etched back to consequently reduce the microstructure to 
show a beam-shaped profile and make it difficult to electri- 
cally connect the substrate and the structure when the silicon 
dioxide lying under the bulk Si thin film is removed. 

Secondly, there is a known a method of forming a spatial 
light modulator comprising a micromirror of an aluminum 
(Al) thin film (L. J. Hombeck, Japanese Patent Application 
Laid-Open No. 2-8812) by applying photoresist onto a 
substrate to form a sacrificial layer, forming thereon an Al 
thin film, patterning the Al film to a desired profile and 
thereafter removing the photoresist by dry etching using 
oxygen plasma to produce a microstructure comprising an 
Al thin film. 

With this technique, it is possible to form a microstructure 
on a substrate selected from a variety of candidates because 
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the sacrificial layer is made of photoresist, the use of which 
is not restricted by the surface coarseness of the substrate. 
Thus, the sacrificial layer can be removed by drying etching 
using the technology of reactive ion etching (RIE) and any 

5 possible sticking phenomenon that may appear between the 
microstructure and the substrate if a wet etching technique 
is used to remove the sacrificial layer can be successfully 
avoided. However, the process of forming the aluminum thin 
film for the structure has to be conducted at temperature that 

10 is low enough to prevent photoresist from being damaged by 
heat to impose rather rigorous restrictions on the selection of 
material for the microstructure. Additionally, since the 
microstructure is produced by means of a thin film forming 
technique such as vacuum deposition or sputtering, the 

15 membrane stress of the thin film has to be so controlled as 
to prevent the microstructure from being warped by the 
membrane stress. 

Last but not least, there is known a method of forming the 
pattern of a microstructure on a bulk Si substrate, coupling 

20 part of the pattern to the glass substrate by anode coupling 
and etching the coupled Si substrate from the rear surface in 
such a way that only the microstructure is left on the glass 
substrate. A linear actuator made of bulk Si thin film formed 
from an Si substrate (Y. Gianchandani et al., "Micro-Size 

25 High Aspect Ratio Bulk Silicon Micromechanical Devices", 
Proceedings IEEE Micro Electro Mechanical Systems 
Workshop, 1992, pp. 208-213) and a cantilever for an AFM 
(Atomic Force Microscope) made of silicon nitride film (T 
A. Albrecht et al., U.S. Pat. No. 5,221,415) can be prepared 

30 with this technique. 

Since this method does not involve the use of a sacrificial 
layer, a microstructure can be made of a material that may 
be corroded by fluoric acid. However, since it has to be 
coupled with glass by anode coupling, candidate materials 

35 are limited to electroconductive silicon that can be easily 
oxidized, metals such as Si, Al, Ti and Ni and silicon nitride 
or oxide that can be anode -coupled only in the form of a thin 
film formed on a Si substrate. Additionally, since the process 
of anode coupling has to be conducted at temperature higher 

40 than 300° C, the glass to be coupled with a microstructure 
is required to show a thermal expansion coefficient substan- 
tially equal to that of the Si substrate. Thus, glass that can be 
used with this method is limited to Pyrex glass (e.g., #7740 
Corning: tradename). Additionally, since a void has to be 

45 formed in advance on the coupling surface, electrodes 
cannot be arranged on the microstructure after the coupling 
operation. Moreover, since the substrate has to be made of 
glass containing mobile ions, circuits cannot be formed on 
the substrate to a high degree of integration. Finally, since 

50 the surface coarseness of the glass and the electroconductive 
material has to be held to less than 500 angstroms for 
coupling the glass and the electroconductive material by 
anode coupling, they cannot be coupled on stepped wires. 

55 SUMMARY OF THE INVENTION 

In view of the above identified problems, it is therefore an 
object of the present invention to provide a microstructure: 

(1) that is free from restrictions on the material of the 
50 microstructure and that of its substrate; and 

(2) allows electric connection between the microstructure 
having an electrode pattern and its substrate as well as 
a method for forming such a microstructure. 

According to the invention, the above object is achieved 
65 by providing a method of forming a microstructure charac- 
terized in that it comprises steps of forming a structure layer 
on a second substrate, forming an electrode section of a 
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conductive material on the structure layer, forming an adhe- drive electrode formed on the substrate can be minimized to 

sive layer of resin film on first and/or second substrates, consequently reduce the drive voltage, 

joining the first substrate and a set of the structure layer and With the method of forming a microstructure according to 

electrode section with the adhesive layer, removing the the invention, the pattern of the drive electrode and that of 

second substrate, forming a support layer for connecting the 5 the structure may be formed, disregarding each other, 

structure layer and electrode section and the first substrate Further, since the movable electrode which is finally 

and removing the adhesive layer. placed opposite to the first substrate after the formation of 

A microstructure formed by the above method comprises the structure layer, it is possible to form a beam of a flat 

a substrate, a support section and a beam having at least one structure layer regardless of steps that may be found on the 

electrode characterized in that the support section suspends 10 pattern of the movable electrode, 
the beam separated from the substrate by avoid, i.e. an air 

space and is attached to the upper surface of the beam, and BRIEF DESCRIPTION OF THE DRAWINGS 

at least one of the electrodes is a movable electrode formed f\GS. 1A to IF are schematic illustrations showing steps 

on the lower surface of the beam of forming a micros tructure in a mode of carrying out the 

According to the .present mvennon, mere ^ also provided is melhod according to tbe iDvention . 

an electrostatic actuator comprising a substrate, nxed and _ "f . , 

drive electrodes formed on the substrate and a beam having ™ t 2G l ° 2 £ are schematic ^rations showmg steps 

a movable electrode which beam is supported above the to * followcd aftcr those of FIGS ^ to 1F 

drive electrode by a support section of metal thin film FIG. 3 is a schematic perspective view of an electrostatic 

through a void interposed between the drive electrode and 20 actuator prepared by the method of forming a microstructure 

the beam, characterized in that the movable electrode is according to the invention. 

formed on the lower surface of the beam and the support FIGS. 4A to 4G are schematic illustrations showing steps 

section electrically connects the movable electrode with the of forming a microstructure in another mode of carrying out 

fixed electrode and mechanically holds the beam at the the method according to the invention. 

upper surface of the beam such that the beam can be 25 FIGS. 5H to 5L are schematic illustrations showing steps 

displaced by applying a voltage between the drive electrode to ^ followed after those of FIGS. 4A to 4G. 

and the movable electrode. ^ nGS. 6M to 6P are schematic musUations showing steps 

With the method of forming a microstructure according to to ^ followed ^ mose of FIGS 5H to su 

the present invention, the microstructure is formed by join- r 

ing the first substrate and the structure layer formed on the 30 FIG. 7 is a schematic perspective view of an electrostatic 

second substrate and electrode section formed on the struc- actuator prepared by the method of forming a microstructure 

hire layer with the adhesive layer of resin film formed on according to the invention. 

either the first substrate or the second substrate, removing FIG. 8 is an exploded schematic view of the beam section 
the second substrate, connecting mechanically a set of the of an electrostatic actuator prepared by the method of 
structure layer and electrode section to the first substrate by 35 forming a microstructure according to the invention, illus- 
means of the support layer, and removing the adhesive layer trating the multilayer structure of the beam, 
so that the microstructure may be made of a material FIG. 9 is a schematic sectional view of an electrostatic 
selected from various substances such as insulators, metals actuator prepared by the method of forming a microstructure 
and semiconductors. Thus, electrode patterns may be formed according to the invention, illustrating the step of forming a 
on the upper and/or lower surfaces of the microstructure to 40 silicon dioxide film for a structure layer on the second 
make it electrically connectable with the substrate. substrate with a sacrificial layer for pattern transfer inter- 
Since the structure layer is formed in a step different from posed therebetween, 
that of forming tbe first substrate, they are not limited in 

terms of materials for forming them. DETAILED DESCRIPTION OF PREFERRED 

Additionally, since a bulk (crystalline) material can be 45 EMBODIMENTS 

used for the beam, the beam is made free from warping. VT . . . .,«•_« -i j . c • 

Still additionally, since the resin film is an adhesive layer # Now, the present invention will be described by referring 

for joining the first substrate and the second substrate and, t0 accompanying drawings that illustrate preferred 

at the same time, plays the role of a sacrificial layer for embodiments of the invention. 

forming the microstructure, the resin film can be removed by 50 A known appropriate method can be used for forming an 

dry etching using oxygen gas so that the problem of sticking adhesive layer. For instance, a resin material may be diluted 

that accompanies the known techniques of removing a in an organic solvent and applied onto a substrate by means 

sacrificial layer can be effectively avoided. of a spinner, dipping or spraying technique to produce a 

The resin film can be made to show a planar surface resin film. With such an application technique, a flat resin 

regardless of unevenness that may be produced by the 55 film having a planar surface can be formed on the substrate, 

electrode patterns on the substrate so that the substrate can if it has a rough surface at the beginning, by which it is 

be joined well without depending on the roughness of the possible to join the surface and that of the other substrate 

surfaces of the substrates. without depending on the roughness of the surface. When a 

With the method of the present invention, a microstruc- resin film is formed on an Si substrate carrying thereon 

hire can be formed by a process to be conducted at relatively 60 integrated circuits, photoresist containing little impurities 

low temperature so that a substrate having a thermal expan- such as sodium ions may preferably be used for the resin 

sion coefficient largely differing from that of the material of film- Another material that may preferably used for the resin 

the microstructure may be used. fimi ^ rubber type photoresist containing rubber that is 

The movable electrode formed on the beam of an elec- nighly adhesive and mechanically strong, 

trostatic actuator prepared by the method of the present 65 For the purpose of the present invention, rubber as 

invention can be arranged on the lower surface of the beam described in "Micromachining and Resist" (Saburo 

so that the distance between the movable electrode and the Nonogaki, ed. Japan Polymer Society, Kyoritu Publishing 
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Co., Ltd., 1990, 1. 3, p. 11) may preferably used for rubber an alloy containing any of such metals. If such a metal film 
type resist. High resolution negative type photoresist avail- is to be formed on the structure layer, a material selected 
able from Tokyo Ohka Kogyo Co., Ltd and containing from various different substances including insulators, semi- 
rubber such as OMR-83 may also preferably be used for the conductors and metals may be bonded onto a glass substrate 
purpose of the invention. 5 by anode coupling. 

A substrate carrying thereon the pattern of a structure , f the microstructure ^ a thickness less than tens of 
formed by a combination of a semiconductor photohthog- seyeral micrometerSj it provides a handling problem when 
raphy process and an etching process, a substrate carrying junctionmg me microstructure onto the second substrate. If 
thereon a structure layer of thin film formed on a second such fe the ^ me structure hycr has to be ^ptd to 
substrate or a second substrate carrying thereon a structure 10 remice its thickness after junctioning it to the second sub- 
layer with a sacrificial layer for pattern transfer interposed ^ ^^^1^ a gabsiiate 0 n which a structure layer is 
therebetween may suitably be used for the second substrate formcd m advanc e may be used so that the structure layer 
with a structure layer formed thereon. may be left when the substrate is removed by some means. 

If a substrate carrying thereon the pattern of a structure For re ducing the thickness of or totally removing the 

formed by a combination of a semiconductor photolithog- is substrate, a technique is selected from wet etching using an 

raphy process and an etching process or a substrate carrying etching solution suited for the substrate, dry etching using 

thereon a structure layer of thin film formed on a second reactive gas, lapping using grinding granules and polishing 

substrate is selected, the substrate is scraped from the rear and me substrate is scraped from the rear side so that the 

side until the structure layer is left there in the step of structure layer having a desired thickness may be junctioned 

removing the second substrate by means of wet etching 20 onto the substrate. If a bulk substrate of Si or GaAs is used, 

using an etching solution suitably selected for the substrate, a m i cros tnicture produced as a final product of the thinned 

dry etching using reactive gas or a technique of lapping the bulk ^ frec flom warpmg ^ that the problem of warping 

substrate with polishing granules. For instance, if the second given ^ (0 by the membrane stress in the process of 

substrate is made of Si, an alkaline aqueous solution such as forming a microstructure by forming a thin film on a 

a potassium hydroxide solution (KOH) or a tetramethyl 2 s sacrificial layer can be effectively eliminated. Additionally, 

ammonium hydroxide solution or an aqueous solution of a me thickness of the junctioned layers can be appropriately 

mixture of fluoric acid and nitric acid may preferably be regulated as they are made very thin, 

u^dforthe^chmgsolutio^ the of formin aQ dectrode 0Q ^ 

™« |F 6 or NF 3 may preferably be used for the reacUve gas. microstructur ^ it ^ du * d cither by forming a ^ film 

If an Si wafer ha^ 30 f ele c troc0 nductive body by vacuum deposition on the 

which is of the n-type, and the second substrate, which is of ^ has ^ formed Qn ^ substrate 

the p-type only the structure of the n-type can be left and mAxe ^ formin its ttern on me min film of 

unaffected by applying a voltage to the structure layer m an electroconductive body by semiconductor photolithography 

VOL. 36, NO. 4, pp. 663-669, 1989). If an Si bulk on which si substrate 

the patter of a structure is formed by etching is used for the , ' . . . . - , , . 

second substrate, the produced microstructure will be free 40 , Id the ? te f of £ ,mn S 8 ^ te l " d # th ? StrUCtUI ! 

from warping so that me problem of warping given rise to laver electro f e section, the first sutetrate is pressed 

by the membrane stress in the process of forming a micro- W*? the second substrate from the rear side and then the 

su-ucture by forming a thin film on a sacrificial layer can be f*™ 0 contained in the resm film of the adhesive 

effectively eliminated. laycr K made t0 cva P° ratc b y bating the layer until the resin 

„ . * ^ 1 is heat set and consequently the force binding the substrates 

For a second substrate carrying thereon a structure layer 45.. j « .l <: * a j u * * 

. iL .« . . . r * a, c * * ■% is increased. If the first and second substrates are 

with a sacrificial layer for pattern transfer interposed . . , . . , . . . . 

. 4 i_ * * ji_ • 1 u\* electroconductive, they may be joined together by applying 

therebetween, a substrate prepared by using a glass substrate u # ' - ' ' t J . fl™ 

- At _ j i_ * * r - fi .T- ci a voltage to each of them to generate electrostatic force 

for the second substrate, forming a metal thin mm as a . * . c m . 4 . ... 5* M . . n , 

n . it r « ' r j *u r* 1 • there, which force is then utilized to press them against each 

sacrificial layer for pattern transfer and thereafter applying a . . . . . . % ^ \. ,v 

n 4 * * 1 *u- £i j , 1 , u* * • „ other. When this joining step is over, the electrode section is 

voltage to the metal thin film and the glass substrate to 50 , . . . • 1 . _ _ , 

vuiia S c w uiuai iuiu nun aiiu iu* & located between the adhesive layer and structure layer, 

produce a junctioned body coupled by anode coupling, a „ , J . 

substrate having a sacrificial layer for pattern transfer of Tho vapor of theorganic solvent generated dunng the heat 

silicon dioxide and an intermediary layer of an SOI or ttcatmcnt of :tht j adhesive layer can be made to ^scapetothe 

SIMOX substrate carrying thereon a structure layer of ambienl air b y fonmn S a 00 ?* fir f pirate and/or 

sflicon film or a junctioned body realized by forming a 55 me structure ^ ^ ste PP ed P° rt f DS of tbe P a !^ m of tbe 

sacrificial layer for pattern transfer and a structure layer of structure laver formed b V semiconductor photolithography 

thin film on the second substrate may appropriately be used. ma y ^ utilized for such g rooves - 

For the sacrificial layer for pattern transfer, a material that The operation of heat setting the resin film of he adhesive 
can be removed by an etchant that, however, does not layer may be conducted at relatively low temperature to 
corrode at least the adhesive layer and the structure layer 60 avoid damaging the first and second substrate because of the 
may suitably be selected. A thin film deposition technique difference of their thermal expansion coefiicients so that the 
such as vapor deposition or CVD (chemical vapor first substrate may be selected appropriately without con- 
deposition) may suitably be used for forming a thin film. If sidering the difference. 

the technique of anode coupling is used, the second substrate In the step of removing the second substrate, the second 

may be a glass substrate containing mobile ion of an alkali 65 substrate and the structure layer are separated from each 

metal (e.g. sodium) whereas the metal film may be made of other without separating the adhesive layer on the first 

a metal good for anode coupling such as Si, Al, Ti or Ni or substrate and the structure layer if the second substrate 



06/26/2001, EAST Version: 1.02.0008 



5,994,750 

7 8 

carries thereon a sacrificial layer for pattern transfer and the candidates and also an electrode to be formed on the 

latter is removed. In other words, the structure on the second structure layer before removing the resin film. Additionally, 

substrate is transferred onto the adhesive layer of the first the adhesive layer can be removed by means of a solvent, 

substrate as a result of this step. ashing or heating if it is made of resin film so that the 

The support layer is designed to mechanically connect the 5 electrode section does not need to be subjected to an etching 

first substrate and the structure layer and/or electrode section operation. Finally, the problem of sticking that arises when 

and suspend the transferred structure layer and/or electrode the sacrificial layer is removed by wet etching can be 

section from above as it is formed before removing the effectively avoided by dry etching the adhesive layer of resin 
adhesive layer. If a metal thin film (e.g., aluminum) is used 

for the support layer, the structure layer and/or electrode 10 ^ movabk electrode fa ^ Qn me lower of 

section and the first substrate will also be connected elec- q£ ^ electrostatic actuator prepared b y the method 

tncally. . of the present invention to reduce the distance separating the 

In the step of removing the adhesive layer of resin film, drivc clcctrode on ^ substfatc ^ mc movablc clcctrode 

it is eliminated by wet etching, with which the resin film is and ^ me driye yoh ^ to Qperate the actuat0f 

dipped into a solution that dissolves the film, or by drying 15 

etching, with which the layer is ashed by oxygen plasma. EXAMPLES 

Dry etching is advantageous in that it can avoid the problem ~ . , £C . . 

of sticking that arises when the sacrificial layer is removed Now, me method of formmg a microstmcture accordmg to 

bv wet etching invention and a microstnicture prepared by such a 

. . , . * • t % ... . . method will be described by way of examples, referring to 

Amicros rucmre produced through the above steps com- 20 p , GS 1A , h ^ „ f ^ ^ panying P drawings . 

pnses a first substrate, a support section or a support layer ^ r / & &~ 

and a beam comprising a structure layer and an electrode, of Example 1 
which the beam is supported by the support section from the 

upper surface of the beam through a void between the beam ^GS. 1A to 2K illustrate different steps of forming a 
and the substrate, the electrode being disposed on the lower 2 s microstnicture in a mode of carrying out the method accord- 
surface of the beam. Then, a fixed electrode and a drive in S to me invention and FIG. 3 is a schematic perspective 
electrode are arranged on the first substrate and the structure vicw of a microstnicture prepared by the method. As seen 
layer is processed by patterning to produce a cantilever type from FIG. 3, a microstructure according to the invention 
or torsion beam type beam so that the electrode on the beam comprises a first substrate 10 which is a glass substrate, a 
may become movable. With such an arrangement, the mov- 30 dnve electrode 15 and a fixed electrode 16 of thin film 
able electrode and the fixed electrode are electrically con- formed on the glass substrate 10, a movable electrode 17 of 
nected by the support section and, at the same time, the beam a p* Si layer provided with a torsion bar 11 and held on the 
and the drive electrode are mechanically supported by it upper surface of the torsion bar 11 by a pair of support 
from the upper surface of the beam to produce an electro- members 13, 13' with a void interposed between itself and 
static actuator where the position of the beam can be 35 the substrate and a lever 12 of a patterned Si structure layer 
changed by applying a drive voltage to the drive electrode arranged on the movable electrode 17. The movable elec- 
and the movable electrode. A microstructures manufactured frode and me lcver constitute a beam 1. The support mem- 
by the method of the present invention may be an electro- bers 13, 13* are made of an electroconductive material such 
static actuator, a cantilever to be used for a microscope as aluminum to electrically connect the movable electrode 
system such as an AFM or an STM (scanning tunneling 40 17 aod me fixed electrode 16. The illustrated microstnicture 
microscope) for a detecting tunneling current, van derWaals ^ an electrostatic actuator having a beam that can be 
force, magnetic force, electrostatic force or the like or a displaced by applying a voltage to the drive electrode 15 and 
wiring system having an air bridge structure. In the case of the fixed electrode 16, which is electrically connected to the 
an electrostatic actuator having the above described movable electrode 17 formed on the lower surface of the 
configuration, since a movable electrode is arranged on the 45 beam - wim such 80 arrangement, the movable electrode 17 
lower surface of the beam, the distance separating the is suspended by the support members 13, 13' from the upper 
movable electrode and the drive electrode is reduced by the surface of the torsion bar 11 with a void interposed between 
thickness of the beam if compared with a movable electrode the electrode and the glass substrate, the support members 
arranged on the upper surface of the beam and, therefore, a 13, 13' mechanically and electrically connecting the beam 
relatively low drive voltage may be used to displace the 50 and the glass substrate 10 and fixed electrode 16 by means 
beam. If the beam is made as thin as the electrode, the risk of an air bridge structure. The torsion bar 11 is twisted to 
of warping of the beam that may appear due to the internal rotate and displace the lever toward the substrate as a voltage 
stress can be eliminated by arranging another electrode on is applied to the drive electrode 15 and the movable elec- 
the surface to produce a symmetrical structure. *ode 17. Since the lever has a thickness greater than that of 
According to the method of forming a microstructure 55 me torsion bar > * » not if a voltage is applied to the 
according to the invention and having the above described electrodes. 

configuration, the structure layer formed on the second Since the movable electrode of the beam of the electro- 
substrate and electrode section formed on the structure layer static actuator having the above described configuration is 
and the first substrate are joined together with the adhesive disposed on the lower surface of the lever, the distance 
layer of resin film formed on both or either of the first and 60 separating the movable electrode and the drive electrode is 
second substrates and, thereafter, the second substrate is reduced by the thickness of the lever if compared with the 
removed. Then, the first substrate are mechanically connect case where the movable electrode is arranged on the upper 
the structure layer and electrode section by the support layer, surface of the beam and hence a relatively low drive voltage 
followed by removing the adhesive layer. The use of resin may be used to display the beam. 

film for the adhesive layer allows the materials of the first 65 In this example, a microstructure having a configuration 

substrate, the second substrate and the structure layer formed as shown in FIG. 3 was formed through the steps of FIGS, 

on the second substrate to be selected from a wide range of 1A to 2K, illustrating the microstructure in cross section in 
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different manufacturing steps. A p-type Si substrate 22 lithography process, where photoresist was applied to the 

carrying thereon an n-type diffusion layer (80 Qcm, thick- structure layer 24, exposed to light and photochemically 

ness: 3 pan) for a structure layer 23 was used for the second developed for the pattern (FIG. IF) and then the structure 

substrate and boron ions were injected into the diffusion ] a yer 23 was subjected to reactive ion etching (RIE), using 

layer to form a p + layer 24 (120 Q/square, thickness: 05 /an) 5 th e mas k of photoresist 101 and CF 4 gas to produce a lever 

(FIG. 1A). Photoresist was applied to the substrate and pattern 25 Q f the n-type Si diffusion layer. Then, the pho- 

subjected to a patterning operation using a photolithography toresist pattern 101 was removed and, simultaneously, the 

process, where the applied photoresist was exposed to light adhesive layer was etched to the pattern of the lever and the 

and photochemically developed. Then, the p + layer 24 was torsion bar by oxygen gas (FIG. 2G). 

etched by using the mask of the photoresist pattern and CF 4 10 Jbmaita ^ Al film 27 was formed on the lever and the 

gas in a reacUve ion ^etching (RIE) process to produce a fc tQ a of x for ^ 

movable electrode 17 Subsequently, the photoresist was mcffibcrs b means of tteri ^ of y ^ uum 

stripped off in a resist stripping sohition to produce a second using an Al target (FIG 2H). Then, photoresist 

substrate carrying thereon a movable electrode (FIG IB). In £ ^ * Qn * * * &nd 

other words, the movable electrode was part of a structure 15 hotochemi ^ devel ^ ^G. 2I) ^ M fim f 27 was 



layer. 



subjected to a patterning operation, using an Al etcbant 



Aglass substrate 10 (#7059 Corning: tradename) carrying consisting of p hoS p hor ic acid, nitric acid and acetic acid to 

thereon a drive electrode 15 and a fixed electrode 16 was produce Uie pattern of the support member 13' on the torsion 

used for the first substrate. The glass substrate 10 bas a bar u (FIQ ^ FinaU me pbotoresist 102 and the PMMA 

thermal expansion coefficient greaterthan that of Siby about w of ^ resin ^ mdeT (ne movable el e Ctr ode were etched 

1.4 times. More specifically, a Cr film and an Au film were ou , to a voM 29 b oxygen plasma ^ ^ 

successively formed on the ghiss substrate 10 by electron eIectroslatic actuator ha ving a profile as shown in FIG. 3 was 

beam vapor deposition to thicknesses of 5 nm and 200 nm produced( me electrostatic actuator having a torsion bar type 

respectively and a photoresist layer was subjected to a beam of bulk (crystslline) si prov ided with a void 29 and 

patterning operation in a photolithography process. The „ rted by ,h e Al film as shown in FIG. 2K. The elec- 

obtained mask of photoresist was used to produce the drive of [he electlostatic actuator were no t etched out by 

electrode 15 and the fixed electrode 16 having profiles and ^ Mem of stickm that ^ 

conforming to the pattern of photoresist as shown in FIG. 3 wheQ ^ ausd&dd layer h removed by wet etcning was 

by etching that used an Au etchant consistmg of an aqueous successfully avoided, 

solution of iodine and potassium iodide and a Cr etchant 30 , .. 

consisting of an aqueous solution of cerium ammonium , W f inelhod of *» P™ ot a mlCT0 " 

nitrate and perchloric acid. Subsequently, a sohition pre- f™*™ compnsuig a movable electrode and a lever was 

pared by dissolving methyl polymeLcrylate (PMMA) into torme * **** buIk («^»») & » torsion bar 

methyl ethyl ketone (MEK) was applied to the glass sub- ^ beam was from ""f™ 1 ^ 

stratel0wimaspmnerandprelmunaril y heatedat50°C.for 3S ™W m & was successfuUy prepared. The free end of the 

ten minutes to produce an adhesive layer 26 made of PMMA ^ ™s <hsplaced as the torsion bar was twisted to rotate 

and having a thickness of 2.5 /an (FIG. 1C). Care should be ^ hen *™ lt!l f was a W heA 10 ^ movable elec,rode and the 

needed to accurately control the amount of the solvent in the nvc e ec e " 

solution dissolving the resin to be applied because bubbles Because resin film was used for the adhesive layer, the 

of vapor of the solvent might be trapped between the 40 first substrate and the structure layer on the second substrate 

adhesive layer and the structure layer on the second sub- could be bonded together at temperature as low as 150° C. 

strate during the heating process. The preliminary heating and materials having different thermal expansion coeffi- 

operation was conducted at temperature sufficiently low to cicnts 00111(1 selected for the substrates. As described 

prevent the adhesive from being heat set, paying attention to carlicr » for the Purpose of the invention, the resin film plays 

eliminate any bubbles of the evaporated solvent remaining 45 mc role of ™ adhesive for bonding the first substrate and the 

on the interface by accurately controlling the solvent con- structure layer on the second substrate and, at the same time, 

tained in the resin film. When PMMA was used, the gen- that of a sacrificial layer for forming a microstructure. 

eration of bubbles could be completely suppressed by pre- By applying resin film on the first substrate, it was made 

liminarily heating the adhesive at 50° C. for 10 minutes. possible to smooth out the surface of the substrate that had 

Then, the second substrate as shown in FIG. IB and the 50 been undulated by the components arranged there including 

first substrate carrying thereon an adhesive layer 26 as the drive electrode and the movable electrode in order to 

shown in FIG. 1C were pressed again each other from the produce a smooth bonding surface and achieve a good 

rear sides. While the movable electrode 17 was buried in the bonding effect for the substrates. While the adhesive layer 

adhesive layer 26 in this example, it may be kept unburied w *s formed on the first substrate, which was then bonded 

by controlling the pressure applied to the substrate when 55 with the structure layer on the second substrate in the above 

they are bonded together. After bonding the first substrate example, the adhesive layer may alternatively be arranged 

and the structure layer on the second substrate together with on the structure layer on the second substrate or an adhesive 

the adhesive layer disposed therebetween, the adhesive layer layer may be formed on both the first substrate and the 

was heat set at 150° C. structure layer on the second substrate to produce a beam. 

Subsequently, the bonded substrates of FIG. ID was 60 With the method of forming a microstructure according to 

subjected to electrolytic etching at 80° C. in a 30 wt % KOH the invention, a movable electrode is formed with a p + layer 

solution by applying a positive voltage of 3 V to the and then the pattern of a lever is formed on the back side of 

diffusion layer relative to the natural electrode potential to the structure layer as viewed from the movable electrode, 

remove the p-type Si substrate of the second substrate (FIG. With this arrangement, they may be made to show respective 

IE). Note that the structure layer 23 of an n-type diffusion 65 profiles that are not affected by each other, 

layer was not etched by the electrolytic etching. Thereafter, While an Al thin film was formed for the support members 

a pattern was formed on the structure layer 24 in a photo- in the above example, it may be appreciated that an elec- 
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Ideally insulated microstructure can be formed on the sub- ture in cross section taken along line 6P — 6P of FIG. 7 in 

slrate by the same process if the Al thin film is replaced by different manufacturing steps. 

a sacrificial layer of resin film formed by vacuum deposition j n t0 f orm a second substrate provided with a 

and an insulating film such as silicon dioxide film formed at strucrure i ayer) an S i substrate 40 was thermally oxidized by 

temperature that does not damage the adhesive layer. 5 ^ an oxidizing gas (a mixture gas of oxygen and 

Similarly, while a glass substrate was used for the first h d n) t0 fom a structure u 43 of siUcon dioxide 

substrate u the above example, .t may be replaced by a ^ ' . £ d m rffi jrf j f 

fSTZy nV^^^^l^ ^r^r P^rn transfer 41 of Al mm was formed by electron beam 

MgO or Zi0 0 , a semiconductor such as Si, GaAs or InF or v , ., .... ... - J . 

a metal, using the same process. in vapor deposition which is a technique to form a tten fihn by 
6 * 10 deposition, to a thickness of 200 nm (FIG. 4A) before the 
Example 2 second substrate 42 of a glass substrate (#7740 Corning: 
FIGS. 4A to 6P illustrate different steps of forming a tradename) and the sacrificial layer for pattern transfer 41 
microstructure in another mode of carrying out the method were bonded together by anode coupling (FIG. 4B). 
according to the invention and FIG. 7 is a schematic The process of anode couplmg will now be described by 
perspective view of a microstructure prepared by the 15 re ferring to FIG. 9. In FIG. 9, reference numeral 63 denotes 
method. FIG. 8 is an exploded view of the beam section of g for { m a voU tQ the layer 
the microstructure, illustrating the multilayer structure of the for n (A1 film) formcd Qn ^ si subs|fatc ^ 
beam, which beam 2 compr^s a lever 32, a movable ^ ^ £ ^ siUcon dio ^ film and ^ 
electrode 37 and a dummy electrode 39. As seen from FIGS. * . ^ A J e . . A . . , 
7 and 8, the microstructure comprises a first substrate 30 20 f<* 0Ild substrate 42 of glass substrate said power source 
which is an Si substrate, an insulation layer 34 of silicon ^ connected to needle electrodes 61 and 65 by way of 
dioxide film, a drive electrode 35 formed on the insulation Iead ™™ 62 and 64 respectively. Reference numeral 60 
layer 34 and a pair of fixed electrodes 38, 38' of thin film denotes a P laten provided with a heater. Hie second sub- 
formed also on the insulation layer 34. The lever 32 is a strate 4 * was placed on the sacrificial layer for pattern 
cantilever of patterned silicon dioxide film and held at the - , (Al film ) 41 a volta 8 e of 500 v was W 1 ^ f or 
upper surface thereof by a pair of support members 33, 33' 20 minutes :power source 63 to the second substrate 
of an electroconductive material with a void interposed and sacrificial layer for pattern transfer to bind them 
therebetween. A movable electrode 37 and a dummy elec- to g e 0 ther ' while maintaining the temperature of the platen to 
trode 39 are arranged respectively on the lower surface and 

on the upper surface of the lever 32. The support member 33 30 Thereafter, the Si substrate 40 was removed by etching in 

electrically connects the dummy electrode 39 and the fixed a KOH 30 wt % aqueous solution heated to 100° C. to 

electrode 38. The support member 33' electrically connects produce the second substrate carrying thereon the structure 

the movable electrode 37 and the fixed electrode 38* by way layer 43 and the sacrificial layer for pattern transfer (FIG. 

of a contact hole 36 formed in the lever 32 by means of a 4C). The structure layer of silicon dioxide film was not 

contact 31. The microstructure having a configuration as 3S etched by wet etching using the alkaline aqueous solution 

described above operates as a cantilever type electrostatic because it is resistant against alkaline wet etching, 

actuator that can be bent and deformed by applying a voltage Subsequently, an electroconductive thin film 201 was 

to the drive electrode 35 and the fixed electrode 38' con- formed on the structure layer 43 for the movable electrode, 

nected to the movable electrode 37 disposed on the lower This was done by successively forming a Cr film and an Au 

surface of the lever 32 by way of the support member 33'. ^ film to respective thicknesses of 5 nm and 400 nm by 

In the electrostatic actuator, the beam 2 is suspended by electron beam vapor deposition, patterning a photoresist 
the support members 33, 33' at the upper surface thereof layer 103 in a photolithography process (FIG. 4D) and then 
with a void interposed therebetween and the support mem- patterning the Cr and Au layers for the movable electrode 
bers 33, 33' mechanically and electrically connect the beam respectively by means of an Au etchant, which was an 
32 onto the insulation layer 34 and the fixed electrodes 38, 45 aqueous solution of iodine and potassium iodide, and a Cr 
38' to produce an air bridge structure. The beam is bent and etchant, which was an aqueous solution of cerium ammo- 
deformed to displace the free end of the beam toward the nium nitrate and perchloric acid to make them show the 
substrate when a voltage is applied to the drive electrode 35 profile of the movable electrode as shown in FIG. 8, using 
and the fixed electrode 38*. the mask of photoresist 103. The photoresist 103 was then 

With an electrostatic actuator having a configuration as 50 removed by means of a resist stripping solution, 

described above, the distance between the movable elec- Additionally, photoresist was applied anew to the structure 

trode and the drive electrode can be reduced by the thickness layer 43 and then patterned to the profile of a lever without 

of the beam if compared with a case where the movable a contact hole by photolithography and then the structure 

electrode is arranged on the upper surface because the layer 43 was subjected to a reactive ion etching (RIE) 

movable electrode is disposed on the lower surface of the 55 operation to produce the pattern of the lever 43 without a 

beam so that the voltage required to be applied to the contact hole by using the mask of photoresist and CF 4 gas. 

electrodes in order to displace the beam can also be reduced. The photoresist was then stripped off by means of a resist 

Additionally, the dummy electrode arranged on the upper stripping solution (FIG. 4E). 

surface of the lever 32 effectively prevents the microstruc- An Si substrate 30 carrying thereon an insulation layer 34, 

ture from being bent by the internal stress found within the eo a drive electrode 35 and a pair of fixed electrodes 38, 38' (not 

lever 32 and the thin movable electrode 37 because of the shown) was used for the first substrate. The insulation layer 

vertically symmetrical arrangement of the dummy electrode 34 is a silicon dioxide film formed by thermally oxidizing 

and the movable electrode relative to the lever. In shorts, the part of the Si substrate 30 to a thickness 1pm by means of 

dummy electrode operates to cancel any possible bent on the oxidizing gas. The drive electrode 35 and the fixed elec- 

part of the lever. 65 trades 38, 38' were prepared by forming electroconductive 

In an experiment, a microstructure as shown in FIGS. 4A layers of an Cr film (5 nm) and an Au film (100 nm) and 

to 7 was prepared. FIGS. 4A to 6P illustrate the microstruc- patterning them appropriately as in the case of preparing the 
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movable electrode 37. Then, an adhesive layer 46 was connected with a fixed electrode formed on the first substrate 

formed on the first substrate by applying resin with a via a support member. When a voltage of 20 V was applied 

spinner. The resin was a rubber type resist OMR-83 to the movable electrode and the drive electrode of the 

(tradename) available from Tokyo Ohka Co., Ltd. (FIG. 4F). electrostatic actuator having a 100 jan long cantilever, the 

After forming the adhesive layer 46, the second substrate 5 free end of the beam was displaced toward the first substrate 

of FIG. 4E and the first substrate of FIG. 4F were pressed by about 0.5 pm with the bending motion of the cantilever, 

against each other from the rear sides thereof and heat The dummy electrode arranged on the upper surface of 

treated at 150° C. to heat set the resin of the adhesive layer the beam effectively canceled any possible bent of the beam 

and rigidly bind the substrates together as shown in FIG. 4G. that could be produced by the internal stress of the movable 

The adhesive layer showed a thickness of 2 ^matter the heat 10 electrode 37 under the lever 32. For the purpose of 

setting operation. comparison, a cantilever type beam of silicon dioxide film 

Thereafter, the sacrificial layer for pattern transfer 41 was that did not carry any movable electrode and dummy elec- 

removed by an Al etchant containing phosphoric acid nitric trade was prepared to find out that no bending was observ- 

acid and acetic acid and heated to 80° C. to release the aD le on the part of the beam. While it is very difficult to 

second substrate. As a result, the structure layer that had 15 eliminate the intrinsic stress generated in a thin silicon 

been patterned to show a beam-like profile and the movable dioxide film during the process of preparing it by vacuum 

electrode were transferred onto the adhesive layer of the first deposition, a silicon dioxide film produced by oxidizing 

substrate. bulk Si is amorphous and homogeneous and therefore it is 

Subsequently, a dummy electrode 39 was prepared by not bent in the form of a monolayer. In this example, the Au 

forming a metal layer 202 of a Or film (5 nm) and an Au film 2 q layer was made as thick as 400 nm, which was close to the 

(100 nm), applying photoresist 104 thereto, patterning them thickness of the silicon dioxide film. For the purpose of 

appropriately in a photolithography process as in the case of comparison, an electrostatic actuator having a beam that was 

preparing the drive electrode 35 and the fixed electrodes 38, not provided with a dummy electrode in FIG. 7 was also 

38' (FIG. 51) and then etching the metal layer 202, using the prepared to find that the free end of the beam was bent away 

mask of the photoresist 104 and Au and Cr etchant. 2 $ from the first substrate by more than l^an. This was because 

Thereafter, the structure layer having the pattern of a lever the Au film formed by vapor deposition for the movable 

was used as a mask in an operation of patterning the resin electrode was subjected to compression stress. When the 

adhesive layer to produce there a pattern same as that of the beam of an electrostatic actuator according to the invention 

lever pattern by RIE using oxygen gas. is bent upward, the distance between the movable electrode 

Then, photoresist 105 was applied to the structure layer 30 and the drive electrode is enlarged so that a higher voltage 
having the lever pattern and subjected to a patterning is required do drive the beam to move by a distance 
operation in a photolithography process (FIG. 5K) and the comparable to that of displacement of the beam of an 
patterned photoresist 105 was used as a mask to etch the electrostatic actuator without such bending. The beam of an 
structure layer by reactive ion etching (RIE) using CF 4 gas electrostatic actuator with a movable electrode made of Ag 
and produce a contact hole 36 (FIG. 5L). Thereafter, the 35 and without a dummy electrode prepared for comparison 
photoresist 105 was removed by reactive ion etching (RIE) was bent downward to reduce the distance between the first 
using oxygen gas. Then, an Al film 42 was formed to a substrate and the free end of the beam and proved to be 
thickness of 2 m for a support layer on the lever 32 of silicon inoperative because of the reduced gap between the sub- 
dioxide prepared in a manner as described above and the strate and the beam. Thus, any possible bending of the lever 
movable electrode 37 under the contact hole 36 as well as on 40 of an electrostatic actuator according to the invention that is 
the dummy electrode 39 (FIG. 6M). Photoresist 106 was attributable to the fact that the lever is made as thin as the 
formed on the Al film and patterned in a photolithography movable electrode section can be effectively canceled by 
process (FIG. 6N). Subsequently, the Al film 47 was pat- arranging a dummy electrode section on the upper surface of 
terned by means of an Al etchant containing phosphoric the lever to ensure vertical symmetry for the lever, 
acid, nitric acid and acetic acid and heated to 50° C. to 45 Referring to FIG. 60 showing a dummy electrode, it can 
produce support members 33, 33' (FIG. 60, where the be utilized to take out the tunnel current that may be 
support member 33 is not shown). With the above generated between opposite surfaces of a specimen to be 
arrangement, the support member 33' electrically connected observed by arranging a probe of an electroconductive 
the movable electrode 37 and the fixed electrode 38' (not material on the dummy electrode according to the method 
shown) by way of the contact hole, while the support 50 proposed by Spindt (C. A Spindt, etal., "Physical properties 
member 33 electrically connected the dummy electrode 39 of film field emission cathode with molybdenum cones", J. 
and the fixed electrode 38 (not shown). Appl. Phys., 47. 1976, pp. 5248-5263) so that an STM probe 

Finally, the photoresist 106 and the adhesive layer of resin provided with an electrostatic actuator can be prepared by 
under the movable electrode were etched out by oxygen removing the photoresist 106 and the adhesive layer. It is 
plasma to produce a void 49 (FIG. 6P). Thus, a microstruc- 55 also possible to use the dummy electrode as a shield elec- 
tive that had a configuration as shown in FIG. 7 and trade for cutting off any external electric fields that can 
comprised al/on thick cantilever type beam 2 of silicon generate noise other than the noise produced by the electric 
dioxide film carrying electrodes on the upper and lower field of the drive electrode by grounding the dummy elec- 
surfaces and mechanically held by an Al film was produced trade. While the structure layer of this example was pro- 
with a void provided between the cantilever and the sub- 60 vided with a single dummy electrode and a single movable 
strate. With the above method, the beam, the support mem- electrode, it may alternatively be provided with more than 
bers and the electrodes were left intact during the etching one dummy electrodes and more than one movable elec- 
operation using oxygen plasma and the problem of sticking trades. 

that may arise when the sacrificial layer is removed by wet If a structure layer is prepared after forming a movable 

etching was successfully avoided. es electrode by means of a thin film deposition technique, the 

With the above method again, a movable electrode could pattern of the drive electrode is transferred to the structure 

be formed on the lower surface of the beam and electrically layer also on the stepped areas of the pattern of the movable 
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electrode. However, since the pattern of the beam is formed 
on the structure layer after forming the movable electrode to 
be ultimately arranged on the structure layer vis-a-vis the 
first substrate, a beam can be formed from a flat structure 
layer regardless of the stepped areas of the pattern of the 5 
movable electrode. Additionally, since the structure layer 
carrying an electrode section is transferred onto the first 
substrate in a reversed manner, the electrode section can be 
formed vis-a-vis the first substrate. 

The first substrate can be provided with a very flat and i° 
smooth surface by applying resin thereto regardless of the 
undulations produced by the drive electrode and the fixed 
electrodes so that the substrates can be firmly bonded 
together as a very flat adhesive surface is prepared for them. 
Additionally, as photoresist is used for the resin layer, a 15 
microstructure can be formed without problem if an Si 
substrate 30 carrying thereon integrated circuits is sued for 
the first substrate. Since photoresist scarcely contains mobile 
ions, they hardly penetrate into electronic devices such as 
MOS transistors to interfere with the proper operation of 20 
such devices. While Si is used for the substrate, it may be 
replaced by a glass substrate or a substrate of some other 
material selected from GaAs, metals and metal film. 

In the step of bonding the structure layer and movable 
electrode and the first substrate with an adhesive layer 25 
arranged therebetween as shown in FIG. 4G, a voltage of 
100 V may be applied to the Al of the sacrificial layer for 
pattern transfer 41 and the Si substrate of the first substrate 
to generate electrostatic force and the generated electrostatic 
force may be utilized to press the substrates against each 30 
other from the back sides in stead of applying physical 
pressure to the substrates from the rear side. While Al film 
is used for the sacrificial layer for pattern transfer in the 
above description, Ti, Ni or some other metal that can be 
bonded by anode coupling may alternatively be used in 35 
combination with an etchant that does not corrode the resin 
film and the structure layer to produce a similar microstruc- 
ture. Since grooves are formed on the bonding surface of the 
second substrate by the pattern of the beam shown in FIG. 
4E, any vapor of the solvent generated when the resin film 40 
is heat set in the step of FIG. 4G can be made to escape 
through the grooves. If no such grooves are formed, bubbles 
of the evaporated solvent produced in the heat setting 
process can be trapped between the adhesive layer and the 
structure layer unless the concentration of the solvent con- 45 
tained in the resin solution to be applied to the substrate is 
rigorously controlled This problem is eliminated by pro- 
viding grooves. 

As described earlier, the resin film operates as an adhesive 
layer for bonding the first substrate and the structure layer 
and, at the same time, takes the role of a sacrificial layer for 
forming a microstructure. 

What is claimed is: 

1. A microstructure comprising: 

a substrate; 55 
a support member formed on said substrate; and 
a beam suspended from said support member in a manner 
to be separated from said substrate by an air space, said 
beam having an electrode on a bottom surface thereof; 60 
wherein said support member is comprised of a member 
formed of a thin metal film with a portion of said 
support member attached to a top surface of said beam 
and a portion directly attached to said substrate. 

2. A microstructure comprising: 65 
a substrate; 

a support member formed on said substrate; and 



50 



a beam suspended from said support member in a manner 
to be separated from said substrate by an air space, 
wherein said beam is made of a thin film of an 
insulating material and has an electrode on a bottom 
surface thereof; 

wherein said support member is comprised of a member 
formed of a single material with a portion of said 
support member attached to a top surface of said beam 
and a portion directly attached to said substrate. 

3. A microstructure according to claim 1, wherein said 
metal thin film is made of aluminum. 

4. A method of forming a microstructure according to 
claim 1 which comprises steps of: 

forming a structure layer on a second substrate, forming 

an electrode section of an electroconductive material on 

said structure layer, 
forming an adhesive layer of resin film on a first and/or 

said second substrate, 
joining said first substrate and the structure layer and 

electrode section with said adhesive layer, 
removing said second substrate, 

forming a support layer for connecting said structure layer 

and electrode section to said first substrate and 
removing said adhesive layer. 

5. A method of forming a microstructure according to 
claim 4, wherein said step of forming said adhesive layer is 
carried out by applying a solution of resin diluted by a 
solvent to form a thin film. 

6. A method of forming a microstructure according to 
claim 4, wherein said resin film is made of photoresist 

7. A method of forming a microstructure according to 
claim 6, wherein said photoresist contains cyclopoly merized 
rubber. 

8. A method of forming a microstructure according to 
claim 4, wherein a groove ia formed on said first and/or 
second substrates. 

9. A method of forming a microstructure according to 
claim 4, wherein said joining step includes a step of applying 
pressure to said first and second substrates. 

10. A method of forming a microstructure according to 
claim 9, wherein said step of applying pressure is carried out 
by applying a voltage to said first and second substrates. 

11. A method of forming a microstructure according to 
claim 4, wherein said support layer is made of metal thin 
film. 

12. A method of forming a microstructure according to 
claim 4, wherein said step of removing said adhesive layer 
is carried out by dry etching using oxygen. 

13. A method of forming a microstructure according to 
claim 12, wherein said dry etching is plasma etching. 

14. A method of forming a microstructure according to 
claim 4, wherein said second substrate for forming a struc- 
ture layer is an SOI substrate. 

15. An electrostatic actuator comprising: 
a substrate; 

a drive electrode and a fixed electrode formed on said 
substrate; 

a beam suspended from said support member in a manner 
to be separated from said substrate by an air space, said 
beam having a movable electrode located so as to be 
opposite to said drive electrode; 

wherein said support member is formed of only one 
member of an electroconductive material, and is com- 
prised of a portion attached to a reverse surface of said 
beam to said surface opposite said substrate and a 
portion directly attached to said fixed electrode, and 
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said fixed electrode and said movable electrode are 
electrically connected to each other by said support 
member. 

16. An electrostatic actuator according to claim 15, 
wherein said beam has a further electrode on said reverse 
surface to said surface opposite said substrate. 
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17. An electrostatic actuator according to claim 15, 
wherein said movable electrode and said beam constitute 
one member. 

* + + + + 
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(ffl THE TITLE PAQE 

[561 Re*;ere pc<>8 qUed, u^ey FWMCftTTQNS • 

After Zhu, J., et al., "Processing" should read 
— Proceedings — . 

COLUMN 1 : 

Line 11, "small one or more than one" should read 

— small, one or more than one, — ; 
Line 23, "Firstly," should read — First, — ; 
Line 40 , "profile and subsequently" should read 

— profile • Subsequently — ; 
Line 47, "microstructure and hence" should read 

— micros true ture. Hence — ; 
Line 50, "an" should read — a — ; and 
Line 57, "Secondly should read — Second, — ; and 
"a method" should read — method — . 



COLUMN 2: 






Line 


3, 


"drying" should read — dry — ; 


Line 


4, 


"(RIE) and any" should read — (RIE) * Any—; 


Line 


6, 


"if" should read — when — , 


Line 


7, 


"can be" should read — is thus — ; 


Line 


9, 


"at" should read — at a — ; 


Line 


10, 


"photoresist" should read — the photoresist — ; 


Line 


11/ 


"to impose" should read — thus imposing — ; 


Line 


15, 


"so controlled as" should read — controlled — ; 


Line 


20, 


"coupling" should read — coupling, — ; 


Line 


24, 


"an" should read — a — ; 
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It Is certified that error appears In the above-Identified patent and that said Letters Patent is hereby 


corrected as shown below: 


COLUMN 2: 






Line 


39, 


"at" should read — at a — ; 


Line 


56, 


"above identified" should read 






— dDOve- laenT-iixea— — , 


Line 


58, 


"of" should read — for — ; 


Line 


61, 


suDstrate snouxa reau — BuwBtiaLc^-*'/ 


Line 


65, 


"charac-" should be deleted; and 


Line 


66, 


"terised in that it comprises" should read 






— comprising the — . 


COLUMN 3: 






Line 


10, 


"electrode characterized in that the" should 






read — electrode. The — ; 


Line 


11, 


"avoid" should read — a void — ; 


Line 


12, 


"space" should read — space, — ; 


Line 


18, 


"electrode which" should read 






— electrode. The — ; and 


Line 


57, 


"joined well" should read — well joined — . 


CQLVMN 4: 






Line 


5, 


"disregarding" should read — independently 






of—; 


Line 


52, 


"technique" should read — techniques — ; 


Line 


58, 


"an" should read — a — ; 


Line 


59, 


"little" should read — few — ; 


Line 


60, 


"ions" should read — ions, — ; 


Line 


61, 


"used" should read — be used — ; and 


Line 


62, 


"rubber type" should read — rubber-type — . 
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5, 
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It is certified that error appears in the above-identified patent and that said Letters Patent is hereby 


corrected as shown below: 


COLUMN 5: 






Line 


1, 


"used for rubber" should read — be used for 






rubber ; 


Line 


2, 


"negative type" should read — negative-type — ; 


Line 


29, 


"an" should read — a — ; 


Line 


37, 


"an" should read — a — ; 


Line 


38, 


"patter" should read —pattern — ; 


Line 


53, 


"an" should read — a — ; 


Line 


65, 


"ion" should read — ions — ; and 


Line 


66, 


"sodium) whereas the" should read 






— sodium). The — ? and 


Line 


67, 


"coupling" should read — coupling, — . 


COLUMN 6: 






Line 


15, 


"from" should read — from: — ; 


Line 


17, 


"substrate," should read —substrate; — ; 






"gas, "should read — gas? — ; and 






"polishing" should read — polishing. — ; 


Line 


18, 


"and the" should read — The — ; 


Line 


29, 


"it" should read —the electrode—; 


Line 


30, 


"of" should read — of a — ; 


Line 


33, 


"photolithography" should read 






— photolithography, — ; 


Line 


37, 


"an" should read — a — ; 


Line 


43, 


"made to evaporate" should read — evaporated — ; 


Line 


48, 


"there," should be deleted; 


Line 


57, 


"he" should read — the — ; 


Line 


58, 


"temperature" should read — temperatures — ; 


Line 


59, 


"substrate" should read — substrates — ; 


Line 


60, 


"coefficients" should read — coefficients, — ; 


Line 


62, 


"the" should read — that — ; and 


Line 


67, 


"layer" should —layer, — . 
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It is certified that error appears In the above-identified patent and that said Letters Patent is hereby 
corrected as shown below: 



QWljm 7: 



Line 22, 
Line 23, 
Line 37, 

Line 44, 

Line 56, 

Line 62, 

Line 63, 



"electrode, of" should read — electrode*—; 
"which the" should read —The--; 
"microstructures" should read 

— microstructure — ; 
"above described" should read 

— above-described— ; 
"above described" should read 

— above-described— ; 
"are" should read — is — ; and 
"connect" should read — connected — ; and 
"the structure" should read — to the 

structure — . 



COLUMN 8 : 

Line 4, "film" should read — film, — . 



Line 28, 
Line 29, 
Line 36, 
Line 42, 
Line 52, 



"that used an" should read — using a — ; 

"iodine" should read — iodine, — ; 

"should be" should read — is — ; 

"at" should read — at a — ; 

"again" should read — against — ; and 



Line 60, "was" should read — were — ♦ 
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It is certified that error appears In the above-identified patent and that said Letters Patent is hereby 
corrected as shown below: 

COLUMN 10 : 

Line 33, "stress" should read — stress, — ; 

Line 34, "warping" should read — warping, — ; 

Line 47, "made" should be deleted; 

Line 49, "there" should read —there, — ; and 

Line 50, "electrode" (second occurrence) should read 
— electrode, — . 



CQfrVMN U: 



Line 20, "an" should read — a — ; and 
Line 63, "shorts," should read — short, — . 



COLUMN 12 ; 



Line 1, "cross section" should read — cross-section — ; 

Line 4, "an" should read — a — ; 

Line 43, "an" should read — a — ; 

Line 59, "An" should read — A — ; 

Line 63, "lpm" should read — lpm — ; and 

Line 66, "an" (both occurrences) should read — a — . 
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It is certified that error appears in the above-Identified patent and that said Letters Patent is hereby 


corrected as shown below: 


COLUMN 13: 






" rnKh^r fvnp" ahrmld rpAd rubber— tVDe— — I 


liXne id , 


M naf f ornoH" chnnl H rp^H nafcfcerned SS Shown in 




FIG. dh— ; 


Line 19, 


"an" should read — a — ; 


Line 21, 


-appropriately" should read — appropriately as 




shown in FIG. 51 — ; 


Line 24, 


"(FIG. 51)" should be deleted; 


Line 2o 9 


H MflM ti Mori __nao ao ahnun l Tl 

9a S • snouxa re aa —gas as snuwu j-u 




fig* 1>J«— •; ana 


Line 32, 


"(FIG, 5K) and the" should read —(FIG. 5K). 




The— . 


COLUMN 14: 




Line 30, 


-do" should read — to — ; 


Line 36, 


"beam and proved" should read — beam* This 




proved — ; 


Line 62 , 


"electrodes" should read — electrode — ; and 


Line 63, 


"trodes." should read — electrode. — . 


COLUMN 15: 




Line 16, 


"an" should read —a—; 


Line 17, 


"sued" should read — used — ; and 


Line 32, 


"in stead" should read — instead — ♦ 
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ft is certified that error appears in the above-identified patent and that said Letters Patent Is hereby 
corrected as shown below: 

COLUMN 16 ; 

Line 14, "substrate, forming" should read — substrate, 
fl forming — ; 

Line 23, "substrate" should read — substrate; — ; and 
Line 36, "ia" should read — is--. 



Signed and Sealed this 
Twentieth Day of Match, 2001 

NICHOLAS P.GODICI 

Attesting Officer Acting Director of the United States Patent and Trademark Of/ice 
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